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(54) Fuel cell system with improved startabllity 

(57) A fuel cell system in which warm up of the fuel 
cell is promoted at the time of starting and the fuel cell 
is operated under steady condition in a short time. The 
fuel cell has a plurality of power generator portions. A 
circulating water passage connected to the power gen- 
erator portions are changed so that circulating water 
flows in just part of the generator when the temperature 
of the fuel cell is not higher than the predetermined 
value. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of Invention 

[0001] This Invention relates to a fuel cell system, more particularly, to a fuel cell system with improved startability. 
Description of Related Art 

10 

[0002] In a system relying on fuel celts for the generation of electrical power, the amount of electric power con- 
sumed by the load is not always constant. When the fuel cells are designed based on the maximum required power of 
the load, a high power generation efficiency of the fuel cells cannot be obtained. If the performance of the fuel cells is 
determined based on maximum power required by a load, it is difficult to maintain high power generation efficiency 
15 when the required power drops. 

[0003] It has been considered to divide the power generating portion of a fuel cell into a plurality of portions and to 
control each portion based on the required power of the load. For example. Japanese Patent Laid-Open Application No. 
HEI 04-262370 discloses such technology. 

[0004] At the time of starting a fuel cell, it is preferable to warm-up the fuel cell so that its temperature is Increased 
20 to the operational temperature in a short time. To warm up for hours may produce undesirable results. For example, in 
case of using a reformed gas as the fuel gas, carbon monoxide contained in the reformed gas may poison the elec- 
trodes in the fuel cell. However, the related art does not disclose how to increase the temperature of the fuel cell up to 
the operational temperature at the time of starting. 

25 SUMMARY OF THE INVENTION 

[0005] Accordingly, it is an object of this invention to provide a fuel cell system which can reduce the warm up time 
for the fuel cells in the system and can operate the fuel cells stability in a shorter time. 

[0006] In order to achieve this and other objects, the fuel cell has a plurality of power generator portions. A fluid flow 
30 passage connected to the power generator portions is changed so that circulating water flows in just part of the gener- 
ator when the temperature of the fuel cell is not higher than the predetermined value. Accordingly, since the heat capac- 
ity of a portion where the fluid flows can be reduced, the temperature of the fluid is raised easily. Thus it is possible to 
warm up the fuel cell in a shorter time. 

[0007] In accordance with one aspect of this invention, there is provided a fuel cell system having a plurality of 
35 power generator portions. A fluid flow passage is connected to the plurality of power generator portions so as to selec- 
tively supply a heating or cooling fluid to selected ones of said plurality of power generator portions. At least one switch- 
ing device is associated with the fluid flow passage so as to switch the fluid flow passages to supply heating or cooling 
fluid to at least one of said plurality of power generator portions. 

[0008] According to this aspect of the invention, a passage controller may be operatively connected to the at least 
40 one switching device and is configured to cause the at least one switching device to switch the fluid flow passage based 
on the temperature of the fuel cell. 

[0009] According to another aspect of the invention, a fuel cell system comprises a fuel cell having a plurality of 
power generator portions; a fuel gas passage connected to selectively supply fuel gas to the power generator portions 
of said fuel cell; at least one switching device associated with the fuel gas passage so as to switch the fuel gas flow to 
45 at least one of said plurality of power generator portions. 

[0010] According to this aspect of the invention, a gas passage controller may be operatively connected to the at 
least one switching device and configured to cause the at least one switching device to switch the fuel gas passage to 
a configuration such that the plurality of power generators will generate a maximum heat output, as compared to other 
switched configurations of the gas passage, based on the temperature of the fuel cell. 

50 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] The invention will be described in conjunction with the following drawings in which like reference numerals 
designate like elements and wherein: 

55 

Fig. 1 is a schematic diagram of a fuel cell system of a first embodiment of this invention; 

Rg. 2 shows a flow of circulating water in the fuel cell system; 

Rg. 3 shows another flow of circulating water in the fuel ceil system; 
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Fig 
Fig 
Fig 

Fig. 



4 shows another flow of circulating water in the fuel cell system; 

5 shows another flow of circulating water in the fuel cell system; 

6 is a schematic diagram of a fuel cell system of a second embodiment of this invention; and 

7 is a graph showing a relationship between the current and power generation efficiency 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[001 2] Fig. 1 is a schematic diagram of fuel cell system of the first embodiment of this invention. In the system, The 
power generator portion of the fuel cell is divided into two portions, that is portions 10a and 10b. The ON/OFF state of 

10 each power generator portion is switched depend on a required power of a load connected with the fuel cell system. For 
example, either or both of the power generator portions 1 0a and 1 0b may be connected to the load. 
[001 3] The power generator portions 1 0a and 1 0b are each connected with a circulating water passage. The circu- 
lating water is circulated in the passage by a pump 18 aruJ warms or cools the power generator portions 10a and 10b, 
depending on its temperature. Switching devices such as valves 12, 14 and 16 are connected with the circulating water 

75 passage so that the circulating water within the passage can flow as required. Additionally, a heater 20 is connected to 
the circulating water passage, which heats the circulating water by burning methane, for example. A cooling device 22 
is also connected to the circulating water passage. The cooling device 22 cools down the circulating water when the 
power generator portions 10a and 10b generate excess heat with an increase of generated power. 
[0014] Although not illustrated, it is to be understood that the valves, the pump 18, the heater 20 and a supply of 

20 fuel gas are controlled by an electronic controller such as a microcomputer, a hard wired electrical device having a 
memory or any other type of controller capable of performing the functions of the controller, which receives water tem- 
perature signals from sensors associated with the circulating water passage. 

[001 5] Fig. 2 shows a flow of the circulating water when the temperature of the circulating water is not higher than 
a predetermined value at the time of starting the fuel cell, and where only the power generator portion 1 0a is connected 

25 to the load. The valve 14 is closed and the valves 12 and 16 are adjusted so that the circulating water is circulated ; 
between the power generator portion 10a and the heater 20. In Fig. 2\ a broken line means that the circulating water 
does not flow in the passage. Thus, the heated circulating water just flows in the power generator portion 10a and not .^j 
the power generator portion 10b. Accordingly, It is possible to warm the power generator portion 10a up to the desired i^^: 
operating temperature in a short time as compared with in case of warming both power generator portions 1 0a and 1 0b. 

30 It is preferable to make the power generator portion 1 0a, where the circulating water flow at first, smaller than the power c ; ^ 

generator portion 1 0b. In such a case, due to its small heat capacity, the temperature can rise easily v;-ti' 
[001 6] As described above, only the power generator portion 1 0a is heated while the temperature of the fuel cell is ---^ 
not higher than the predetermined value. After the temperature rises to the predetermined value, the circulating water 
passage is switched to that shown in Fig. 3 by controlling the valves 1 2 and 14. As shown in Fig. 3. the circulating water -^^-^^ 

35 can flow through the power generator portions 1 0a and 1 0b. At this time, the power generator portion 1 0a has already .-^.^ 
generated enough power to require cooling. Due to the heat generated by the power generator portion 10a, warmed 
circulating water can be supplied from it to the other power generator portion 1 0b. Thus, it is possible to reduce the time 
for warm up of the power generator portion 1 0b. 

[0017] After the power generator portion 10b begins to generate enough power, it is not necessary to heat the cir- 

40 culating water by using heater 20. Then the circulating water passage is switched to that shown in Fig. 4 by controlling 
the valves 12, 14 and 1 6. In this case, the circulating water is circulated only thorough the power generator portions 10a 
and 1 0b and not the heater 20. Once the power generator portions 1 0a and 1 0b generate enough power that their tem- 
peratures become excessive, it is necessary to cool down the circulating water. Therefore, the circulating water pas- 
sage is switched to that shown in Fig. 5 by controlling the valves 12 and 14. Rg. 5 shows a flow of the circulating water 

45 when the fuel cell is operated under steady state conditions. At that time the fuel cell generates sufficient power. 

[0018] According to this embodiment, since the fuel cell has a plurality of power generator portions and only one of 
the power generator portions (10a) is warmed at the time of starting the fuel cell, it is possible to warm up the fuel cell 
in a short time. Further, by using the heat generated by the power generator portion (1 Oa) in addition to heat from heater 
20, the other power generator portion (1 Ob) can be warmed up quickly 

50 [001 9] In the above embodiment, it is possible to divide the power generator into more than two parts. For example, 
the number of power generator portions can be determined based on a use of the fuel cell or a change of the load. 
[0020] Fig. 6 is a schematic diagram of fuel cell system of the second embodiment of this invention. The fuel cell 
also has two power generator portions 10a and 10b. Fuel gas (i.e., hydrogen and air) can be supplied to the both power 
generator portions 1 0 and 1 0b. It is also possible to supply the fuel gas to only the power generator portion 1 0a and not 

55 power generator portion 10b by adjusting valves 24 and 26 provided in the gas passage. 

[0021] Fig. 7 shows a relationship between required currertt and power generation efficiency of the fuel cell. In Fig. 
7. line "A" shows the relationship when only the power generator portion 10a is used. Line "A+B" shows the relationship 
when both of the power generator portions 10a and 10b are used. 
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[0022] As shown in Fig. 7, power generation efficiency increases in accordance with increasing of current before a 
peak point. In contrast, after the peak point, power generation efficiency decreases in accordance with increasing of 
current. During low power generation efficiency conditions, energy generated by the fuel cell is converted to heat, so 
that the amount of heat generated by each generator portion 1 0a and 1 0b increases. Therefore, at the time of warming 

5 up of the fuel cell, it is preferable to operate the fuel cell under conditions where power generation efficiency is low and 
the generation of heat is high. In this embodiment, both of the power generator portions 10a and 1 0b are operated when 
the required current is lower than shown in Fig. 7. Further, when the required cun-ent is between and , only the power 
generator portion 10a is operated so that generation of heat is high. According to such operation, it is possible to reduce 
the time of warming up the fuel cell. It is preferable to switch the gas passage by controlling the valves 24 and 26 so that 

10 the power generator portions 1 0a and 10b can generate the most heat. Accordingly, since the warm up of the fuel cell 
is promoted and the temperature of the fuel cell reaches the normal operational temperature in a short time, the fuel 
c II can perform with high startability. 

[0023] After warming up, the fuel cell is operated with high power generation efficiency. 

[0024] Further, it is possible to combine the above first and second embodiments to reduce the time for warming up 
15 and improve startability. 

[0025] TABLE 1 shows an operational mode for the fuel cell system of this invention. The data of TABLE 1 may be 
incorporated into the non-volatile memory of the controller. 



TABLE 1 



Circulating Water Tem- 
perature T 


Cooling 


Fuel Supply 


T3T 


Normal Operation 


Normal Operation 


T2 T < T3 


10a + 10b 


supply to the power generator portion which generates the most 
heat 


T1 T<T2 


10a + 10b 


10a 


T<T1 


10a 


10a 



[0026] In this embodiment, the operating mode is selected from the four steps in accordance with the circulating 
water temperature T It is also possible to change the operating mode based on the temperature of the fuel cell. 
[0027] When the circulating water temperature is not higher than the predetermined value T1 (T < T1), only the 
35 power generator portion 10a is heated by circulating water heated by the heater 20 as shown in Fig. 2. After the tem- 
perature of the power generator portion 1 0a reaches the temperature where the power generator portion 10a can gen- 
erate sufficient power, fuel gas (i.e., hydrogen and oxygen) is supplied to the power generator portion 1 0a, and the fuel 
cell starts to generate power. 

[0028] When the circulating water temperature T is between the first predetermined value T1 and the second pre- 
40 determined value T2 (Tl T< T2), the cooling system is changed so that the circulating water passage is connected with 
two power generator portions 10a and 10b as shown in Fig. 3. In this case, since the power generator portion 10b has 
not been sufficiently warmed, fuel gas is supplied to only power generator portion 10a. 

[0029] When the circulating water temperature T is between the second predetermined value T2 and the third pre- 
d termined value T3 (T2 T< T3), since both of the power generator portions 10a and 10b can generate satisfactory 
45 power, fuel gas can be supplied to either of the power generator portions 10a and 10b. At this time, however, the fuel 
cell is stiil under warm up condition. Thus, the fuel gas is supplied to the power generator portion which generates the 
most heat, the same as in the second embodiment. At that time, a flow of the circulating water is selected from Figs. 3 
to 5, based on the circulating water temperature. 

[0030] Further, after the circulating water tenperature exceeds the third predetermined temperature T3. both power 
50 g nerator portions 10a and 10b are operated under normal conditions, so that cooling system and fuel supply system 
are also operated under normal condition. 

[0031] As mentioned above, by combining the functions of the cooling system and the fuel supply system, it is pos- 
sible to provide warming up in a shorter time. 

[0032] In accordance with this invention, since just a part of the power generator portions of the fuel cell is warmed 
55 by circulating water when the tenperature of the fuel cell is not higher than a predetermined value, the heat capacity of 
the portion where the circulating water flows can be reduced, so that the temperature of the circulating water can be 
increased rapidly. Thus, it is possible to warm up the fuel cell in a short time, so that startability of the fuel cell is 
improved. 
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[0033] Also, when the temperature of the fuel cell is not higher than a predetermined value, the gas passage is 
arranged so that the power generating portions can generate the most power and heat. Thus, the fuel cell generates 
heat by itself, so that the warm up is promoted. Accordingly, it is possible to conclude the warm up of the fuel cell in a 
short time, so that startability of the fuel cell is improved. Furthermore, after warm up, since the gas passage is changed 
5 so that the power generation efficiency of the fuel cell is high, efficiency of the fuel cell system is improved. 

[0034] Obviously, numerous modifications and variations of the present invention are posstole in light of the above 
teachings. It is therefore to be understood that the invention may be practiced otherwise than as specifically described 
herein. 

10 Claims 

1 . A fuel cell system characterized by comprising: 

a fuel cell having a plurality of power generator portions (10a, 10b); 
75 fluid flow passage means for selectively supplying a heating or cooling fluid to selected ones of the plurality of 

power generator portions( 10a, 10b); and 

switching means (1 2, 1^4, 1 6) for switching the fluid flow passage means to supply heating or cooling fluid to at 
least one of the plurality of power generator portions. 

20 2. A fuel cell system according to claim 1 , further comprising control means for causing the switching means (12, 14, 
16) to switch the fluid flow passage means based on the temperature of the fuel cell. 

3. A fuel cell system according to claim 1 , further comprising control means for causing the switching means (12, 14, 
16) to switch the fluid flow passage means when the tenrtperature of the fuel cell is less than a predetermined value. 

25 

4. A fuel cell system characterized by comprising: 

a fuel cell having a plurality of power generator portions (10a, 10b); 

30 fuel gas passage means for selectively supplying fuel gas to the power generator portions ( 1 Da, 1 0b) of the fuel 

ceil ;and 

switching means (24, 26) for switching a flow of the fuel cell in the fuel gas passage means among the plurality 
of power generator portions ( 1 0a, 1 0b). 

A fuel cell system according to claim 4, further comprising control means for causing the switching means (24, 26) 
to switch the fuel gas passage means to a conftgulation such that the plurality of power generator portions (10a, 
10b) will generate a maximum heat output, as compared to other switched configrations of the fuel gas passage 
means, based on the temperature of the fuel cell. 

A fuel cell system according to claim 4, further comprising control means for causing the switching means (24, 26) 
to switch the fuel gas passage means to a conf iglation such that the plurality of power generator portions (1 Oa, 1 0b) 
will generate a maximum heat output, as compared to other switched cinf igurations of the fuel gas passage means, 
when the temperature of the fuel cell is less than a predetermined value. 



so 
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